J 



(19] 



Europaisches Pateittamt 
European Patent Office 
Office europeen des brevets 





@ Publication number: 0 452 078 A1 
@ EUROPEAN PATENT APPLICATION 

@ Application number: $1303100.1 @ lnt a * . H01L 31/0344, C08G 73/10 

@ Date of firing : 09.04*91 



CO 

o 

8 



® Priority: 104440 JP 93234/90 
114440 JP 94086^90 
114440 JP 94087790 
264241 JP 53255/91 

(§> Date of publication of application: 
1&1Q41 Bulletin 91/42 



SE 



© Designated Contracting States : 
BE CH DE ES FR GB IT U NL 

@ Applicant: CANON KABUSHIKI KA1SHA 
30-2, 3-chome 9 Shimomaruko, Ohta-ku 
Tokyo (JP) 

@ inventor: Kawada, HaruW, do Canon 
KabushQd Kalsha 

Ohta-ku, Tokyo (JP) 

IJT^iYanaglsawa, Yoshlhlro, do Canon 

KabushBd Kaisha 

30-2, 3-chome, Shnnomaruko 

Ohta-ku, Tokyo (JP) 



Inventor : Morlkawa, Yuko, do Canon 

KabushOd Kalsha 

302, 3-chome, Shimomaruko 

Ohta-ku, Tokyo (JP) 

Inventor: Kurfhara, Suomi, do Canon 

KabushOd Kalsha 

30-2, 3-chome, Shimomaruko 

Ohta-ku, Tokyo (JP) 

Inventor: Matsuda, Hiroshl, do Canon 

KabushiW Kalsha 

30-2, 3-chome, Shimomaruko 

Ohta-ku, Tokyo (JP) 

Inventor: KawagishI, HkteyuM, do Canon 

Kabushiki Kaisha 

30-2, 3-chome, Shfmomamko 

Ohta4cu 9 Tokyo (JP) 

Inventor: Takimoto, Kiyoshl, do Canon 

Kabushiki Kalsha 

30-2, 3-chome, Shimomaruko 

Ohta-ku, Tokyo (JP) 

© Representative: Beresford, Kefth Denis Lewis 
et aJ 

BERESFORD 4 Co. 2-5 Warwick Court High 
Holbom 

London WC1R 5DJ (GB) 



> ^^^rOfganlc ffim comprising the poiyimide, and photoconducove device comprising the 

1 ha !£?L? carbazo,e skeleton in a repealing unit thereof, for soter cell or other 

^^1^^^^ oom >"* * uS 



-f 



0 O 
D D 

C C 

I.' ^ ^ 

V X ^ 
S I 



N 
H 



where denotes a tetravalent organic group having 5 to 13 carbons. 

n^^«he < gen^ fc a be * 3 *»^««-*« of a polymer having the 



1 



HO OH 
N — C — R * — C-n40 
H00C C00H 




Ul 



where R 2 b a bivalent organic group of 5 to 13 carbons. 



Jouve, 18, me Saint-Denis, 75001 PARIS 



1 



i 

FIG. 2 




EP0452 078A1 



BACKGROUND OF THE INVENTION 
Held of the Invention 

The present Invention relates to a photoconductive polyim fde, and an organic fftm comprising the polyimide, 
and a photoconductive device comprising the organic film, which are useful for a photoelectro-transducing 
device in a solar cell or a photosensor. 

Related Background Art 

Photoelectro-transducing devices for converting light energy directly to electric energy are used for solar 
cells and photosensors, so that the development of a photoelectro-transducing material Is significant for utili- 
zation of solar energy and development of light-receiving devices in optoelectronics. 

Solid photDetectro-transducing devices which have been placticalized hitherto employs an inorganic semi- 
conductor such as a sfngjeoystaJ or amorphous sifcon. In contrast thereto, photoelectro-fransducing devices 
employfng an organic material, which are stfil in a stage ofresearch, are attractive because such de^ 
general characteristics of organic materials such as lightweight ease of element production, mass-productivity, 
and inexpensiveness, and are desired for development of organic solar cells and photosensors. 

Known organic photoelectro4ransducing materials include coloring matters such as chlorophfil. squarflium, 
phthatocyanine, merocyanine, eta; and semiconductive polymers such as poly(N-vmylc^bazoie), pdy[4-(N,N- 
diphenylamino>-pheny«methy1 methacryiate], etc, which are electrochemicaJly doped, and the Oca Organic thin 
films of these materials are being employed for development of novel photoelectro-transducing devices. 

In making a device using an organic thin fim practically, a high photoelectro-transdudng efficiency is natur- 
ally a prerequisite, and additionally, heat stabBMyofthe produced device and woikabflity of 
shape of the device are extremely important 

For the heat stabfiity, the heat-resistance temperature should be at least 200°C, or preferably 300°C or 
higher, and stfil higher heat-resistance temperature is more preferable. 

The heat resistance reSates closely to the melting point, the decomposition temperature, or the glass tran- 
sition temperature (T g) of the material. These temperatures wiD determine the heatresistance temperature. For 
example, merocyanine pigments, which are low molecular photoconductive organic materials, have a heat-resi- 
stance temperature of approximately 160°C at the highest, and poly(N-vfnyicarbazole) compounds, the semi- 
conductive polymer, have the temperature around 150°C depending on the molecular weight PoJymefhyl 
methacryiate, a general-purpose plastic material, has the glass transition temperature of approximately 100°C- 
pdyvinyl chloride, approximately 70°C; and polystyrene, approximately 1Q0°C. 

On the other hand, phthaiocyanines have superior heat stability, and some of them have a decomposition 
temperature of 200°C or higher. However, the phthaiocyanines are significantly Inferior In workability, and wfll 
not give readfiy flat uniform thin fflms. which strictly limits the application field of the phthatocyanine. 

Accordingly, by use of an onfinary organic low molecular compound or an organic polymeric compound, 
it is difficult to attain the melting point the decomposition temperature, or the Tg of 300°C or higher of the ma- 
terial f or raisin g the heat resistance temperature without impairing the workability of the thin fern. 

Therefore, in developing a photoelectro-transducing device employing an organic thin fim, improvement 
of environmental stablity such as heat resistance, and thiivfilm workab3ity are important as well as the Improve- 
ment of photoelectro-transducing efficiency as is known. Nevertheless, an organic photoelectro-conductive 
device which has excellent electroconductive characteristics could not be obtained because of the above-men- 
tioned technical difficulties. 

In technical fields other than the photoelectro-transducing technique, various heat-resistant resins are 
known, among which polyimide resins have excellent heat resistance. The polyimide resins are commercialized 
only foruses requiring the heat resistance, wearing resistance, chemical resistance, etc. because of the proper- 
ties thereof, and the use of a poJyrokta.fbr photoconductive material Is stfil In a stage of research. Poiyimides 
having a porphyrin skeleton are also investigated therefor, wfefclMira*»aeat resistance temperature of 
approximately 200°C and are not sufffc^m the heat resistance 

SUMMARY OF THE INVEMTTON 

An object of the present invents 
factory in heat resistance and workabflity in view of the aforementioned problems on the organic photoconduc- 
tive compounds of prior art 

Another object of the present invention is to provide an organic fim comprising the polyimide having the 
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aforementioned navel structure to produce a photoelectric device having a novel constitution superior in 
environmental stabflfty and thin-fflm workability in view of the conventional photoelectric device based on the 
organic f&m of the prior art 

A further object of the present invention is to provide a photoconductive device comprising the organic film 
mentioned above. 

According to an aspect of the present invention, there is provided a polyimide having a carbazde skeleton 
in the repeating unft thereof. 

According to another aspect of the present invention, them is provided a process for producing a polyimide 
having a carbazde skeleton in the repeating unft thereof, comprising a dehydrocyclization of the pdyamlc acid 
having the repeating unit of the general formula below to cause ring closure: 



H 



where R? is a bivalent organic radical of 5 to 13 carbons. 

According to a further aspect of the present invention, there is provided an organic fflm comprising a 
polymer having a carbazde skeleton and an fcmide linkage in the repeating unit thereof. 

According to a m further aspect of the present invention, there is provided a photoconductive device com- 
prising an organic Urn composing a polymer having a carbazde skeleton and an knide linkage in the repeating 
unit thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 A and Fig. 1 B show the Infrared absorption spectra for identifying the polyimide having a carbazole 
skeleton derived in Example 1, and Fig. 1A is indicating the spectrum of the polyamic acid before imidation, 
and Fig. 1 B is indicating the spectrum after the Imidation. 

F&. 2 is a schematic illustration of a photoconductive device of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

The Inventors of the present invention, as the result of comprehensive investigation to introduce a photo- 
conductive organic moiety into a polymer to achieve satisfactory heat resistance and envfron metal stability, 
have found thata combination rfan Wdelinkage an^ 
polymer, and completed the presort invention. 

The present invention provk^ 
comprisesapolymerhavinga an irnkle linkage in the repeating unft, and has electrocon- 

dUC ^^f h>h ! S ° 0mpoundt a deWce 030 *** provided which has superior envvonmental stabSity. 

The carbazole skeleton mayform a complex such as a chargeMranstocomplex wfth an etectronaccepting 
organic compound, or may have a substituent such as an allcyt group. At least one knide linkage should be 
present In the repeating unit Preferably the polyimide is a polynw having 

the general formula (1) below: 7 

O 0 
0 I 

c c ^ ^ 1 

(i) 



{<>< t >€nsH 

B B H 

O 0 



wherein R 1 te a tetravalent organic group having 5 to 13 carbons. 

The repeating unft may be other than that represented by the general formula (1), including 
potyamideimxJes, potyimkJes, and the fite havfng an amide linkage, an ether linkage, thioether linkage, and 
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eta which have a carbazole moiety introduced therein. 

The group R 1 in the general formula (1) is a tatravalent organic group having 5 to 13 carbons, 
those having aromatic rings such as 



O 
B 




and the like, cyclic hydrocarbon groups such as 



rx 

acyclic hydrocarbon groups such as hexamethylenediamine, among which cyclic hydrocarbons are preferable, 
if the poryimide is constituted of the compound of the carbon number outside the range specified above, the 
heat resistance wfll be somewhat Impaired. The group having an aromatic ring is more preferable in fnprove- 
ment of the heat resistance. Particularly preferable are the groups below: 



0 
0 



The poryimide constituted of the repeating unit of such a structure have a decomposition temperature exceeding 
300°C, exh ibiing superior heat resistance. 

As described above, the poryimides containing an irrade linkage in the repeating unit are superior in environ- 
mental resistance such as heat resistance, solvent resistance, and the like. The stability is ascribable to the 
skeleton structure of the poryimide which restricts the degree of freedom of the molecular chain movement to 
raise the melting point, thereby giving high heat resistance. Since carbazole is a fused ring type hydrocarbon, 
its structure is plane, so that, the degree of freedom on movement of the molecules of the porytoide Is not 
increased by introduction of a carbazole ring, and is kept at the same level of ordinary polyvmdes. Therefore 
the introduction of carbazole rings into the mafo chain of the rx^ 

the poryimide. AdcfitionaBy, the introduction of a carbazole ring does not impair the superior envronmenb* stabi- 
fity such as solvent resistance of common polyirrfdes. The polyirrdde containing the carbazole skeleton exhibits 
characteristics in both of a poryimide compound and a carbazole skeleton. 

The above-described poryxnkte having a carbazole skeleton in the repeating unit in the present invention 
is derivable in principle by dehydrating a polyamic acid or a polyamic acid derivative to cause ring closure. In 
a typical example, diamlnocarbazote as a starting material is reacted with a tetracarboxylic anhydride such as 
pyromelHtic anhydride to cause pdyaddition to form a polyamic add as a precursor of the poryimide, and the 
polyamic acid is treated by heating or chemicaily to form the poJyirrude having the repeating unit represented 
by the general formula (1). 

Otherwise, the derived polyamic acid is mixed with an organic compound having an amino group such as 
N,NKfimetrry!^^ 

dation of the poryarnic acid to form the poryimide having the repeating umt of the general formula (1). 

In stffl another method, cfiamlnocarbazote is reacted with diaJkyf tetracarboxyt a le such as pyromeflltic acid 
disteary! ester dkdtforte 
in the same manner as above* 

The poJyadcfiion reaction can be conducted in a known method. In the case where the group R 1 is not a 
tetravaient organic group, the poryimide having an imide linkage in the repeating unft can be formed by porym- 
erization reaction with tfaninocartazole. 

In forming a thin fihn from the above-described poryimide on a substrate, a solution of a polyamic acid which 
etr^pecursorcftteabove^ on the substrate, and dried, and then subjected 
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to bridation treatment to form a thin fflm of the polyknida The polyamic acid solution may be applied on a sub- 
strate by any procedure, insofar as a thin fflm can be formed, including spin coating, spreading, the Langmuir- 
Brogett method, and the [ike. Among the procedures, the Langrmrir-Brogett method (or simply the LB method), 
which buids up a monomoiecularlayerone by one. is particularly preferable in viewof oontroHabBBy of the thick- 
ness and the smoothness of the film. 

The fim thickness is selected depending on the use of the fflm, generally in the range of from several tens 
to several ten-thousands of angstroms. 

In the imidation by heat treatment the reaction Is conducted at a temperature of from 150°C to 300°C for 
a predetermined time. The fmidation by chemical treatment is conducted by drying the applied coating fflm and 
subsequently immersing it in a solution which can dehydrate the flm-constituting material to cause ring closure. 
The ^nidation method is not limited to these methods, but can be any known technique. In other words, in order 
to form a thin fflm of a pdyimide having the repeating unit of the genera) formula (1), a solution of a pofyamic 
acid having the repeating unit represented by the general formula 

I BOOC COOH N J 

H 



where R*isa bivalent organic group having 5 to 13 carbons Is applied, and dried, and is imidated. The group 
R? herein corresponds to the aforementioned group R*. 

From the thin film of the potyimkle having a carbazole skeleton prepared as above, an element can be prep- 
ared which has superior environmental stebflfty such as heat resistance and solvent resistance. 

In preferable embodiment, the heat staMHy exceeds 300°C. The thin pdyimfde film is expected to exhibit 
a photoelectro-transducing efficiency at the same level as in that of a polyvinylcarbazole, and its thin fflm work- 
abtffiy is satisfactory. 

For forming a pn junction or a pin Junction by employing the aforementioned film, the fflm doped with iodine 
or the like and the same film dopant-free are buflt up into a laminated structure. 

The materials for the substrate useful in the present invention include light-transmissive substances such 
as glass, quartz, and the ISce. The electrodes, which are means for applying a voltage or means for taking out 
the generated electric current, may be of various types, including one pair of an upper electrode and a lower 
electrode holding directly the aforementioned film therebetween, or the like. The type of electrode may be suit- 
ably selected depending on the use and the shape erf the element The lower electrode may be a vapor-depo- 
sited aluminum fflm of from 30 to 300 ran thk* orthe like. The upper dec^ 

of ITO or aluminum of 30 nm thicker less, or the Ifte. The electrode may be in a shape of layers, stripes, or 
doj^Ttesubdrate and the electrodes may be prepared by a conventional method for the element of the present 

The present invention is described in more detail by reference to examples. 

Example 1 



(Synthesis of a polyamic acid by polyaddition of diaminocarbazole with pyromellitic anhydride, and imidation 
by heating) 

0.546 g (0.0028 mol) of 3,6-diaminocarbazoJe was placed in a 50-ml three-necked flask. Thereto, approxim- 
ately 2 ml of dried dimethyiacetamide (DMAC) was added. The Interior of the flask was kept dry by flowing dry 
narogen, and the content was stirred. Subsequently. 0.668 g (0.0031 mol) of solid pyromellitic anhydride was 
added into the flask, thereby the temperature in the flask rose slightly. Further thereto, DMAC was added In 
the total amount of DMAC of 10 nil. The content of the flask was stirred for one hour at room temperature to 
prepare a solution of a polyamic add having a caitoazotesteletonmdJnwthylacet^ 
of the product was 0.5. The DSC thermal analysis of the polymer deposited from the solution showed an 
endothermal peak of imidation at 130°C, and an exothermal peak of heat decomposition at above 340^. This 
sofutkw was applied onasflk^ substrate 

fflm was heated at 300°C for one hour to cause oradatkm. The fBmmiclmess was controlled to be 0^ urn. 

Fig. 1A shows the infrared spectrum of the potyamic acid before imidation, and Fig. 1 B shows the spectrum 
after the imidaJion by heat treatment The absorption peak of 1720 cm is assigned to the imkle ring of 
pyromeflinc acid, and the absorption peaks of 1490 cm -* and 3400 cm are assigned to carbazole. 
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Example 2 



^rthjferfpo^teacid by pdyaddffion of diaminocarbazoJe with pyromeHfflc anhydride, and imidation by 
^2rrtofdnedd.ne^^ 

S ^^T^ ^^^y. °-668 g (0.0031 mol) of solid pyromeliWc anhydrid e 

J^if 0 ^* 8rBby * e In the flask rose slignfly. lifter thZ^cmc v^MedT 

fte total MuMtfDMM! of10 rri. The cortent of fte flasks stirred for one hour at rocm.ter^ 
^l^^ n « ■S^.!f d 8 C8rt,aZOle Steteton in dmeftylacetainlde. The Intrinsic viscosity 
22! ™5 8 °' Uti0n appDed on 8 saicon substrate by rotation coaflng. After evaporation 

I J^T ^ 00 aubslrato « aa immereed Into a mixed solution consisting of benzene, pyridine, 
B^pT? SS^il^" 9 ^ ^ 3:1:1 to 08086 !midation - ^ ImidatJo " Proceeded sMarJ as in 



rs 1. 

Examples 3 to 8 




and ^SSlSiSZS^J^^ mannerasin Bam P ,e 1 accept that the imidation conditions 
D^e? a ^SS?J^S!^ , ^ Ms ^ toT «W«1-Tneresulisa re srK» m i„Table1.The 
potyimtdes all exhibited high decomposition temperature and superior heat resistance. 
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Example 9 



A devrce as shown in Rg. 2 was prepared The polyamic acid solution used in Example 1 was applied by 
rotatorrcoating on a glass substrata 2 having a lighttransmissive electrode (1TO) 1 1n stripe shape of 1 mm to 
w^ The «>lvent was evaporated off. The coated film was heated at 300°C tor one hour to cause Imidation. 
The tteckness of the film 3 was controlled to be 0.5 Mm. Further thereon, an aluminum electrode 4 of 1 mm In 
width was formed In the direction perpendicular to the light transmissfve electrode in a thickness of 100 ran bv 
a resistance-heating method (refer to Rg. 2). ^ 

In measurement of the photoelectric characteristics of the completed device, the insulation was secured 
riTJ'S^i 8 ^ md photoe,ectric current were observed. After heat treatment of the device 
farther -tti WC for one hour, the measurement of the photoelectric characteristics gives the same values as 
those before the heat treatment, showing superior heat stability. 



Example 10 



A polyamic acid mommctecular built-up film in 78 layers was formed on a glass substrate having a Ikrht- 
^ T-^?* ( ™ } aWpB sha P° ° f 1 ™ and treated for hydrophoblcity with a siane^u- 

S 5i 39e ^!^_^ P et300 ° Cforono ^rto cause imidation and toform a photoconductive 

tnm ram. The mm thickness was 48 nm. 

The polyamic add rnonomolecular built-up film was formed in the procedure below 

Theporya^ 1 dluted dimethylacetamide (DMAC) to a concen- 

mSnl ^o^"^ T ramefCOnCentration - Thereto N^dlmethylhexadecylamine was 
mtoed at a rabo of 2 relatrve to one equivalent of the repeating unit of polyamic acid to prepare a solution of a 
salt of polyamic ac^^irnethylaminohexadecylarnine. This sotution^spread 

^StoS^i 2 ^ ,bnn a mo r no,ecu,arfi,m °" "*» *»«E5Z. 

w»raBed to 25 mN. With the surface pressure kept constant, the aforementioned glass substrate having the 
Jectrodejvasd.pped and lifted inadir^ 

flis operation, a monomotecular buttnjp ffm was prepared in 78 layers. ^ 

«,« Z^^ t> ^^! 1 T l '! Um 6teCtrod8 o* 1 «nm «n width was formed in the direction perpendicular to 
the light transmissive electrode in a thickness of 100 nm by a resistance4reating method. 

L™^^ I* 8 ph0tDe,ectrte characteristics of the completed device, the insulation was secured 
^^^^^"^^ °f the devk» further at 300^ for one hour, the measurement of the 

Examples 11 to 16 

^l P ^^Z^!^T i ^^L*^ * P 0 ^*^ diaminccarbazole with the organic compound 

the method shown .n Table 2. The heat treatment was conducted by heating at 30(TC for one hour The test 

ran) and a tower electrode of ITO (500 nm). »«o«™8Qr«nw 

deten^raZ^^liL^!! * The u resuWn 9 P 01 ^ 6 ^ * Wgh decomposition temperature and 
d^encratici. of toe plwtocori^^ 
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Comparative example 

A solution of polyvinyl carbazde was applied by rotation coating on a glass substrate having a l^ht- 
tramsmissfve electrode (TTO) In stripe shape of 1 mm In width and having been treated for hydrophobic^ with 
a slane coupling agent The solvent was evaporated off by heating in an oven at 1 50°C for one hour. The thick- 
ness of the fflm was appraxJrr^^ 
*m the direction perpend^ 
method. 

In measurement of the photoelectric characteristics of the completed device, the Insulation was found to 
be secured and the photovoltaic effect and the photoelectric current were observed. The device was further 
treated by heating at 300°C tor one hour, By this treatment, the device was destroyed to lose insulation property, 
and the measurement of the photoelectric characteristics could not be conducted. 

As described above, the photoconductive polyvnide compound of the present invention is superior in photo- 
conductivity and heat resistance as well as workability, and enables production of photoelecto-transdudng 
device employing an organic material which was difficult until now. The poJyimide compound is prepared by a 
simple operation. Hence the present invention is greatly usful practically. Furthermore, the photoconductive 
device comprising the above compound of the present invention enables production of photoelectro-transduc- 
ing device extremely superior in heat resistance by using an organic material which has not been readily achiev- 
able until now, and the device can be formed in a simple manner. Therefore the present invention Is significantly 
useful in practical point of view. 



Claims 

1. A poryimide compound, having a carbazole skeleton in a repeating unit thereof. 

2. The poryimide compound of Claim 1, wherein the repeating unit is represented by the general formula 



S 9 n J 

II II H 

0 0 



where R 1 denotes a tetravsdent organic group having 5 to 13 carbons. 

3. The poryimide compound of Claim 2. wherein R 1 in the general formula is a tetravalent cyclic hydrocarbon 
group having 5 to 13 carbons. 

4. The poJyimide compound of Claim 3. wherein R 1 is any one of the groups of 

0 



5. A process for producing a poryimide compound having the repeating unit represented by the general fbF» 
muJa described in Claim 2, which process comprises a dehydrocydization of a polymer having the repeating 
unit of the general formula 
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HO OH _^ 

■00c' \(,0H ^^N^^ 

H 



where R 2 b a bivalent organic group of 5 to 13 carbons. 

6. The process of Claim 5, wherein R 2 in the general formula is a Divalent cyclic hydrocarbon group having 
5 to 13 carbons. 

7. The process of Claim 6. wherein R 2 is any one of the groups of 

O 

a I|!L ProC8S8 * 5 * Where ' n th8 po * mer 18 a Pofyamic add, a polyamlc acid salt, or a polyamte acid 



* ^P^f 38 aaSm 5- W«eJn the dehydrocycltzation is conducted by a chemical treatment or a heat 
treatment. 

10 " b^oTr^,^!',^!^" rePeati " 9 ° f *" 9enefal fbmMlia b derived °y us '"fl diamfnocar- 

11. An orotic pdynier film comprised of a p^ compound as claimed in any one of claims 1 to 4. 

12. Anorganic polymer ftim as claimed in Claim 11, wherein the film is composed of a monomolecuiar bunt-up 

13. A pnotoconducbve device comprising an organic polymer fflm as claimed in either of claims 11 or 12. 

14 " t^^^^Z^^ * ^ 13, whare!n ^ M9anto P 0 ^^"" "as a decomposition 

temperature of not lower than 300°C 

pair or electrodes. 
Claims for the following Contracting State : ES 
1. AprocessforprodiicingaDol^^ 




Wh ^!^l den0tBS 3 tetravatent 3^ip having 5 to 13 carbons which process comprises a dehyd- 
rocycltzation of a polyrner having the repeating unit of the general fbimula 
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7 9 0 

I 0 B , , .. 

N -°7 R \- c - N iOnO; 

HOOC COOH 



N 
H 



where R* is a bivalent organic group of 5 to 13 carbons. 



2. The process of Claim 1, wherein R* in the general formula is a bivalent cyclic hydrocarbon group having 
5 to 13 carbons. 

3. The process of Claim 2, wherein R 2 is any one of the groups of 

0 

4 The process of Claim 1, wherein the pcrfynn* is a polyamk: ack^ 
ester. 

a The process of Claim 1 , wherein the dehydrocydization is conducted by a chemical treatment or a heat 



6. The process of Claim 1, wherein the repeating unft of the general formula is derived by using dlaminocar- 
bazole as a starting material. 

7. A photoconductive device comprising an organic fim comprising a polymer having a carbazole skeleton 
and an imkte linkage In a repeating unit thereof. 

8. The photoconductive device of Claim 7, wherein the repeating unit is represented by the general formula 



0 0 

where R 1 denotes a tetravaient organic group having 5 to 1 3 carbon s. 

9. The photoconductive device of Claim 3, wherein Ri in the general formula is a tetravaient cyclic hydrocar- 
bon group having 5 to 13 carbons^ 

10. The photoconductive device of Claim 9, wherein the group Ri is any c*e of the groups of 

0 



11. The p h otocon du c B wdetftoofOatn 7, whereto the organlclimb composed of amonomoleaJarbuBfrtip 
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film of the polymer. 

12. A photoconductive device as claimed in any one of claims 7 to 11. wherein the organic polymer f3m has a 
decomposffion temperature of not lower than 300°C. 

13. A photoconductive device as claimed In any one of Claims 7 to 12, wherein the organic polymer fflm is 
located between a pair of electrodes. 
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FIG.IA 
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FIG. 2 
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